Twenty spring bread wheat genotypes (G) from eleven research centers in Pakistan were included in national uniform wheat yield trial (NUWYT) conducted at the Agriculture Research Farm of The University of Agriculture, Peshawar, in 2010-2011. The experiment was conducted using randomized complete block design with four replications. Statistical analysis showed significant differences among 43 traits of the 20 genotypes. The descriptive statistics of different traits of the 20 genotypes averaged over replications showed high variability among the genotypes for the traits. The highest coefficient of variation was observed for lodging followed by grain-weight: chaff-weight ratio, non-productive tillers, chaff weight, spike filling rate, vegetative: reproductive periods ratio, kernel filling rate and crop growth rate during seed fill duration. Euclidean distances as measure of genetic diversity were calculated using 51 agronomic and physiological traits for 190 possible pairs of the 20 genotypes. Euclidean distances ranged from 4.37 for G2-G6 pair to 16.80 for G12-G16 pair.
Introduction
Genetic variation or diversity is the basis for crop improvement and important for successful breeding and development of new cultivars (Franco et al., 2001; Liu et al., 2014) . Genetic diversity is important for tolerance to biotic stresses like insect, pests and diseases, for increasing yield and to achieve genetic gain in a breeding program. Genetic diversity in populations is estimated to analyze genetic variability in cultivars (Cox et al., 1986) , and to identify diverse genotypes for hybridization to generate progenies with more genetic variation for further selection (Barrett and Kidwell, 1998) . The level of genetic diversity among parents of a cross determines the genetic variance among the segregating populations to be acted upon by breeders to develop better pure lines in varietal development programs. Evaluation of genetic diversity is important to introgress wanted genes from distinct germplasm into the existing genetic base (Thompson and Nelson, 1998) and to predict the response to selection. Information on grouping based diversity calculated from agronomic characters will be useful for wheat breeders to plan crosses in hybridization program to create greater and useful variation for plant improvement (Najaphy et al., 2012) . Greater genetic diversity coupled with high yield potential of genotypes and useful yield components may be used in varietal development.
Different data sets are used for estimation of genetic diversity in crop plants including pedigree data (Van Hintum and Haalman, 1994) , biochemical markers (Hamrick and Godt, 1997) , agro-morphological traits (BarHen et al., 1995) or molecular markers. Morphological traits have been effectively used for estimation of genetic diversity and varietal development. Many researchers used agronomic traits to calculate genetic diversity (Ali et al., 2008; Khodadadi et al., 2011; Aharizad et al., 2012; PordelMaragheh, 2013; Siahbidi et al., 2013; Fahim, 2014; Sabaghnia et al., 2014; Verma et al., 2014) . Genetic diversity between two individuals can be computed by a number of statistical methods depending upon data sets (Mohammadi and Prasanna, 2003) . Selection of an appropriate genetic distance measure is a critical part in assessment of genetic diversity among genotypes. Euclidean distance based on quantitative data is generally used for estimating genetic diversity among genotypes (Mohammadi and Prasanna, 2003) . As defined by Nei (1973) genetic distance is "that difference between two entities that can be described by allelic variation." Salem et al. (2008) carried out genetic diversity analysis based on SSR markers and morphological characters of seven wheat varieties. They reported lower genetic diversity ranging from 0.42 to 0.63 with mean diversity of 0.53 based on SSR markers and higher genetic diversity ranging from 8.51 to 38.46 with an average of 23.49 based on morphological characters. They suggested that classification or diversity studies based on genetic markers and morphological traits would be helpful for breeders to plan hybridization programs for productive results. Najaphy et al. (2012) determined genetic diversity of 30 bread wheat accessions using agro-morphological traits and molecular markers. Both methods categorized the 30 wheat accessions into five groups with slight disagreements. They found no correlation between the dissimilarity measurements identified using molecular markers and quantitative traits. Aharizad et al. (2012) clustered 96 bread wheat lines on the basis of agronomic traits. These wheat genotypes were classified into three groups using squared Euclidean distance and Ward's method. Khodadadi et al. (2011) carried out cluster analysis based on Ward's method and squared Euclidean distances which grouped 36 winter wheat genotypes into seven groups. Autrique et al. (1996) in their genetic diversity study of 113 durum wheat landraces and cultivars by means of morpho-physiological traits, restriction fragment length polymorphism and coefficient of parentage reported lower genetic distances for cultivars and some of the landraces while greater genetic distances for most of the landraces by both morpho-physiological traits and restriction fragment length polymorphism. Maric et al. (2004) assessed genetic diversity of 14 wheat cultivars and efficiency of RAPD markers in comparison with pedigree data and morphological characters for evaluation of genetic diversity. They reported no significant correlation between genetic distances obtained through molecular and morphological data. They suggested that if data on more morphological traits are included in the study, there is a possibility of better correlation between morphological traits and RAPD markers diversity. Semagn (2002) stated two reasons for the general lack of correlation between molecular and morphological variation: (1) Molecular markers cover a large proportion of the genome, including coding and noncoding regions, and (2) molecular markers are less subjected to artificial selection compared with morphological markers. Correspondence between molecular and agronomic diversity might be improved by analyzing more morphological and DNA markers.
An understanding of genetic relationships among inbred lines or pure lines can be particularly useful in planning crosses, in assigning lines to specific heterotic groups, and for precise identification with respect to plant varietal protection (Hallauer and Miranda, 1988) .
The objective of this study was to use a large number of morphological and agronomic characters to assess genetic variability and diversity among promising advanced lines of spring bread wheat from different research centers in Pakistan tested in NUWYT trial in 2010-2011. Another objective was to propose some ideas for using diversity based on many agronomic and physiological traits, grain yield, yield components and biological yield to generate a ranging of the pairs of genotypes for hybridization program to develop improved wheat varieties.
Materials and Methods

Site Characteristics
This study was conducted at Agriculture research farm of The University of Agriculture, Peshawar, in 2010-2011 under irrigated condition. The experimental site is located at 34.01 o N latitude, 71.35° E and 359 m above sea level and has a continental type of climate.
Plant Materials
Nineteen advanced wheat lines from various national wheat breeding programs in Pakistan and a check cultivar (Janbaz) were evaluated in the study; the details of the lines and locations of the breeding programs are given in Table 1 .
Methods
The study was conducted using randomized complete block design with four replications. Each genotype was grown in six rows of 5 m length with 30 cm row to row distance and thus the plot size for each genotype was 9 m 2 . The experiment was planted on Nov 11, 2010 using seed rate of 128 kg/ha. The calculated seed per plot was uniformly distributed in six rows. Nitrogen and phosphate were applied at the rate of 136 and 57 kg/ha, respectively from urea and DAP. DAP and half of the urea were applied at the time of seed bed preparation and the rest of urea was applied with second irrigation on February, 5. Standard cultural practices were followed to raise the crop.
Primary data were recorded on days to heading (DTH), days to maturity (DTM), plant height (PH), stem length (SL), peduncle length (PL), peduncle extrusion (PE), spike length (SpL), flag leaf auricle height (FLAH), flag leaf node height (FLNH), flag leaf sheath length (FLSL), flag leaf blade length (FLBL), flag leaf blade width (FLBW), productive tillers (PT), non-productive tillers (NPT), percent lodging (L), spike weight (SpW), grain yield per spike (GYPSp), grains per spike (GPSp), tiller vegetative mass (TVM), 1000 kernel weight (TKW), grain yield (GY) and biological yield (BY).
Secondary data on seed fill duration (SFD), vegetative: reproductive periods ratio (V: RP R), per cent peduncle extrusion (PPE), plant height: peduncle length ratio (PH:PL R), plant height: spike length ratio (PH:SL R), peduncle length: spike length ratio, (PL: SL R), peduncle length as % of stem length (PL%SL), flag leaf area (FLA), leaf blade length: sheat length ratio, leaf length: width ratio, leaf length: peducle extrusion ratio, total tillers m -2 , per cent productive tillers, chaff weight (CW), grains: chaff ratio, grains m -2 (GPSqM), spike filling rate (mg/spike/day) (SFR), total tiller weight (g) (TW), tiller partitioning to reproductive parts, kernel filling rate, straw yield (SY), harvest index (HI), straw: grains ratio, vegetative crop growth rate -planting to heading (g m -2 day) (VCGR), crop growth rate during seed fill duration (g m -2 d -1 ) (CGRDSFD), and average crop growth rate -planting to maturity (ACGR) -were derived from the primary data (Sayre et al., 1997; Van Ginkel et al., 1998; Paigham Shah, 2003a and b) .
Statistical Analysis
To test the significance of differences among the 20 genotypes, the data for each trait were subjected to analysis of variance technique appropriate for RCB design. Using mean values of the 20 genotypes average, minimum, maximum, variance, standard deviation and coefficient of variation were calculated for the 51 traits.
Euclidean distances as measure of genetic diversity were calculated for 190 pairs of the 20 wheat genotypes using mean values of 51 agronomic and physiological traits. Euclidean distance is the square root of the sums of squared differences between different traits of a pair of genotypes. As the data had different units, the data were statistically standardized and the distances were calculated using the following formula (Teknomo, 2011) .
SAS program was used for clustering the genotypes and to generate dendrogram.
Results
A high degree of variation was observed among genotypes for most of the agronomic and physiological traits studied; F values for genotypes of 43 traits were significant, only eight of the 51 traits were not significant ( Table 2 ). The genotypic differences for majority of the traits (29 out of 51) were very highly significant (probability of less than 0.001). The F-value for grain yield was significant at the 5% level of probability. Descriptive statistics of the studied traits showed high variability among the genotypes. The highest CV was observed for lodging followed by grainweight: chaff-weight ratio, non-productive tillers, chaff weight, spike filling rate, vegetative: reproductive periods ratio, kernel filling rate and CGR in SFDwhich indicate more variation among genotypes for these traits (Table 2) . Grain yield ranged from 285 to 419 g m -2 with an average of 374 (g m -2 ). 
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Discussion
A phylogenetic tree was constructed based on the 43 agronomic and physiological traits showing considerable diversity. The 20 wheat genotypes could be divided into 2 major clades (A and B); both the clades had two main branches designated as A1, A2, B1 and B2 (Fig. 1) . Clade B had 12, while clade A had 7 genotypes. One genotype (16) was an outlier; it is interesting to note that this genotype is developed by a private G7, G13 and G14) are synthetically derived lines, but did not show any similarity; may be due to the fact the parents are not the same. The lines G2 and G6 showed highest similarity with one another. Euclidian distances, (measure of genetic diversity), between all 190 possible pairs of the 20 genotypes were calculated (Table 2) ; a summary of the distances is given in Table 3 . Euclidean distances of all possible pairs ranged from 4.37 for G2-G6 pair to 16.80 for G12-G16 pair. The standardized distances revealed great genetic diversity among genotypes with a mean Euclidean distance of 0.522 (Table 3 ). The mean distance calculated in this study is slightly less than reported by Sohail et al. (2011) , the reason for the difference may be the use of synthetic wheat lines created by crossing durum wheat with Ae. tauschii, the D genome donor of the bread wheat. Synthetic wheat lines were created with the objective to create more variability that is why they had more diversity. Genotypes 12 and 16 exhibited maximum diversity followed by genotypes 16 and 18, 6 and 16, and 13 and 16 (Table 3 ), indicating that the members of these pairs of genotypes are genetically more diverse than other pairs of genotypes, this information is important for breeder if they plan to use any of these lines in their crossing blocks. Hybrids of genotypes with genetic diversity results in transgressive segregates (Rahim et al., 2010) , and thus breeders have greater probability to get high yielding lines in the segregating generations. These genotypes can be used in hybridization programs to attain maximum heterosis. Genotypes with minimum distances can be used in backcross programs (Khodadadi et al., 2011) . Minimum distance was observed between genotype 2 and 6, the genotypes 4 and 9, 14 and 19, and 1 and 6 had comparatively lower genotypic diversity (Table 3) . These genotypes can be used in backcross methods in future breeding programs to transfer specific characters from one member to the other member of the pairs more easily. Most of the primary and secondary data showed reasonable amount of diversity. The primary and secondary data of the 2 major clades (A and B) and the main groups (A1, A2, B1 and B2) were compared. Some of the important traits had similar data among the genotypes of each group. For yield group A1 had an average of 2296 g, A2, 2313 g, B1, 2293 g and B2 had 2218 g. Group A1 had the highest average and the genotype (G11) having the highest yield (2480 g) also belong to this group. Interestingly, group A1 on the average required the Code  G1  G2  G3  G4  G5  G6  G7  G8  G9  G10  G1  WHTSD 9.6 0.0 G20 Janbaz (check) 9.7 8.0 9.8 8.9 8.7 14.8 7.8 9.0 9.8 0.0 †G is the abbreviation used for genotype, the details of the genotypes studied is given in Table 1 maximum number of days (125) for 50% heading and the genotype requiring the most day for 50% heading (126) was the overall highest yielder. The leaf area of the genotypes ranged from 40 to 19 cm 2 . The average leaf area ranged from 31 cm 2 (group B2) to 35 cm 2 (group A1) demonstrating that genotypes of group A1 had high photosynthesis leading to high yield. Many other traits showed similar trends.
Conclusion
Genotypes 2 and 6, 4 and 9, 14 and 19, and 1 and 6 genotypes has lower genetic diversity and thus can be used in backcross methods in future breeding programs to transfer specific characters from one member to the other member of the pairs more easily. Genotypes 12 and 16, 16 and 18, 6 and 16, and 13 and 16 exhibited higher genetic diversity and can be used in hybridization programs to generate variability for selection and to attain maximum heterosis. 15.9 6 G4 -G20 5.5 185 G10 -G16 15.6 7 G6 -G14 5.8 184 Mean Euclidean distance of all the pairs of genotypes 9.5 Other pairs with distances greater than mean + 2 SD are G14 -G16, G17 -G20, G5 -G16, G16 -G17, G2 -G16, G7 -G16 
